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= (54) Title: ROTATING, LOCKING INTERVERTEBRAL DISK STABILIZER 

(57) Abstract: A middle expanded, removable disk implant 
for stabiliang adjacent vertebrae. The implant is substantially 
rectangular in cross-sectional shape with a minimal height 
and a width greater than the height The implant is detachably 
mounted to an applicator for insertion into the space 
between two adjacent vertebrae from which a portion of the 
intervertebral disk has been removed. Once inserted, the 
implant is positioned by anterior-posterior movement in the 
disk space to the position in which both the expanded, laiger 
width middle portion and the smaller end portions engage 
the bodies of the adjacent vertebrae and the implant is then 
rotated to bring the sides of the rectangularly-shaped implant 
defining the width of the implant, with its larger dimension, 
into engagement with the bodies of the vertebrae. A locking 
piece is then inserted into the disk space adjacent the rotated 
implant- The locking piece includes a surface for bearing 
against the bodies of the adjacent vertebrae to resist rotation 
of the locking piece along the longitudinal axis thereof and 
an implant bearing surface for engaging one of the sides of 
the implant defining the width of the implant to resist rotation 
of the implant relative to the locking piece. Both implant and 
locking piece are comprised of bone, the locking piece being 
preferably comprised of both cortical and cancellous bone, or 
the implant is comprised of metal, bio-compatible polymer, or other suitable material. The implant may also include a flared end 
for maintaining proper spinal curvature of the patient. 
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ROTATING, LOCKING ENTER- 
VERTEBRAL DISK STABILIZER 

CROSS REEHRENCE TO RELATED APPUCAHONS 

The present appUcation is a continuation-in-part of co-pending application Serial 
No. 09/561,483, filed April 28, 2000 and entifled ROTATING, LOCBaNG 
INTERVERTEBRAL DISK STABILIZER Saial No. 09/561,483 is a continuationrin- 

5 part of co-pending application Saial No. 09/290,831, ffled April 13, 1999 «itifled 
ROTATING, LOCKING INTERVERTEBRAL DISK STABILIZER AND 
APPLICATOR Serial No. 09/290,831 was a continuation of application Serial No. 
08/900,174, filed July 25, 1997, also entitled ROTATING, LOCKING 
INTERVERTEBRAL DISK STABILIZER AND APPLICATOR, and which is now 

10 issued as VatesA No. 5,893,890. Soial No. 08/900,174 was a continuati(»i-in-part of then 
co-pending ^cation Serial No. 08/475,21 1, filed June 6, 1995 and entitled ROTATING, 
LOCKING, MIDDLE-EXPANDED INTERVERTEBRAL DISK STABILIZER (as 
amended) and now issued as Patent No. 5,658,336. Serial No. 08/475,211 was a 
continuation-in^ of International Application No. PCT/US95/03374 entitled MIDDLE 

15 EXPANDED, REMOVABLE, INTERVERTEBRAL DISK IMPLANT AND METHOD 
OF LUMBAR INTERVERTEBRAL DISK STABILIZATION filed on March 17, 1995. 
International implication No. PCT/US95/03374 was itsetf a continuation-in-part of U.S. 
application Serial No. 08/210,229, filed March 18, 1994 and having that same titie and now 
issued as Patart No. 6,093,207. 

20 BACKGROUND OF THE INVENTION 

The present invention rdates to an intervertebral disk statHli2jng implant for 
stabilizing two adjacent vatdjrae. More qjedfically, the present invention rdates to 
rectangulariy-^iaped disk implants whidi are ^anded in the nuddle portion and are used 
for sptaal fiision. 
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Treatment of a hOTiiated disk in the neck and in the lumbar r^on continues to be a 
diaBCT^g field of medidne. The dasacal treatment for a ruptured disk is diskectomy, ie., 
removal of the disk from between the vertebrae. In this process, all or a portion of the 
intervertebral disk is removed, leaving a defect v^ch continues to bother the patients 
5 throughout the rest of their lives. An additional procedure is to rqplace the disk space with 
a bone graft, usually bone chips cut from the patient's iliac crest, bringing about fiiaon of 
the vertebrae above and below the disk and eliminating the empty space between the 
vertebrae. 

Diskectomy with fodon is not ideal because the replaced bone does not have the 
10 function of the cartilagnous tissue of tiie disk, i.e. no cushioning effed, and has 
complications because of sev^l fectors. First, conventional bone plugs used to pack the 
disk space do not conform to the space of the disk because the disk bulges maximally in the 
center. The (fisk space is wider in the middle and narrower at its antOTor and posterior 
ends. For this reason, the various bone phjgs which are currentfy available coramerdally 
1 5 have only four contact points, i.e. at the front and bads: of the disk space. Secondly, access 
to tiie disk is from the side of the dorsal spine of tiie adjacent vertd>rae, leaving a space that 
is "off-center^' relative to the bodies of the adjacent vertebrae such that tiie stability of the 
implant is even more problematical than might be apparent from tiie limited contact 
resulting from the shape of the intervertebral space. Anotiier complication is the possibility 
20 of infection or other conditions that may require removal of the implant. Also, if the bone 
peces do not ftise, tiiey may ev^tually extmde out of the disk space, causing pressure on 
the nerve roots. 

Various prosthetic disk plugs, or in^lants, are disdosed in the art, but all are 
diaractOTzed by limitations of not conforming to the shape of the disk space, lack of 

25 stability wh^ ins^ed off-center, inability to be removed, or other disadvantages. For 
instance, U.S. Patent No. 4,863,476 (and its European counterpart, EP-A-0260044) 
desoibes an elongated body divided longitudinally into two portions having a cam device 
movable therdDetween for increasing the space between the two body portions once 
inserted into the disk space. However, that device is generally cyUndrical in shape sudi that 

30 the only contact points between the device and the vertebral bodies are at the front and 
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back of the disk space, creating increased likelihood of instability and generally raidedng 
that device unsuitable for use after partial diskectomy. The art also disdoses intervertebral 
disk prostheses (e.g., U.S. Patent Nos. 3,867,728, 4,309,777, 4,863,477 and 4,932,969 and 
French Patent Application No. 8816184) which may have more general contact with the 

5 adjacent disks, but whidi are not intended for use in fiision of the disks. The art also 
includes spinal joint prostheses such as is described in U.S. Patent No. 4,759,769, which is 
again not indicated for use v^en fosion is the preferred surreal intervention. 

Published PCT Application WO96/40016 discloses mi intervertebral disk stabilizer 
having a lock that engages the end of the implant. There are, however, indications for use 

10 of an intervertebral stabilizer in whidi an inareased likdihood of successful fii^on can be 
obtained. 

There is, therefore, a need for a device capable of stabilizing the vertebrae adyacent 
an intarvCTt^ral disk, but which is also ranovable, for use in spinal fiisaoa There is also a 
need for a method of implanting sudi a stabitizer. 
1 S Because of its de^rable prop^es wh^ used for flision of adjac^ vertebrae, there 

is alsoaneedfor an implant having these advantages but whidi also has a constn^ or 
shape, that lends itself to being febricated from bone. 

SUMMARY OF TEIE IIsrvE^m:oN 

These needs are met in the present invention by providing a vertebral disk stabilizer 
20 comprising an elongate inq)lant of minimal height defined by first and second sides and 
maximal width defined by third and fourth sides, the third and fointh sides bring arched 
from one end of the implant to the othar to provide the portion intermediate the ends with a 
width larger than the width of the implant at the ends thereof Also provided is a lodking 
pece having an implant bearing sur&ce fbnned thereon for engaging either the first or 
25 second ades of the implant to re^ rotation of the unplant rdative to the stabilizer aft^ the 
implant is inserted into the disk space between two ac^ac^ vatd^rae with the first and 
second ddes of the implant contacting tiie bodies of the adjacent y&rtdbrae and then rotated 
so that the third and fourth sides of the implant contact the adjacent vertebrae and the 
loddng piece is likewise positioned in the disk space and a vertd)ral body bearing sur&ce 
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oriented .at approxiinately 90° to the implant bearing sur&ce for engag^ig the body of the 
adjacent vertebrae when positioned in the disk space to resist rotation of the locking piece 
in the disk space. 

The implant is inserted into the disk space vntti the implant ori^ed so that the first 
5 and second sides engage the bodies of the adjacent vatebrae. The implant is then rotated 
approximately 90"^ in the disk space so that the third and fourth sides contact tiie bodies of 
the adjacent vertd^rae. The locking piece is then inserted into the disk space with the 
implant bearing surface engaging either the first or second sides of the implant to resist 
rotation of the implant relative to the stabilizer. The vertebral body bearing surfece bears 

10 against the body of the adjacCTt vertebrae to reast rotation of the locking piece relative to - 
the body of the adjacent vertebrae against which the surfece of the loddng piece bears. 

In anoth^ aspect, the present invention proAides an apparatus for use in fiising 
adjacent vertebrae compri^g an elongate implant with two substantially planar &ces and 
two opposed edges, eadi edge bemg ardied firom one end of the implant to the other, and a 

IS locking piece dimen^oned to be located adjacent a single one of the planar faces and to 
resist rotation of the implant after the implant and the locking piece are ins^ed into a space 
between two vertebrae. At least one of the implant and the locking piece are made of bone. 
The implant is preferably comprised of cortical bone and the locking piece is preferably 
comprised of a central core of cancellous bone surrounded on three sides by a layer of 

20 cortical bone. 

Also provided is a method of making an apparatus for use in fiising two vertd^rae 
compriang the steps of forming a **blank" fi*om cortical bone harvested fi-om the femur by 
maldng two substantially parallel cuts in a section of the shaft of the f^nur and then forming 
the ins^ firom the blank. 
25 In another aspetA, the present invention provides an apparatus for use in fii^ 

adjacent vertebrae comprising an elongate implant to be located be^eea adjacent v^ebrae 
and having two opposed edges, each of arched form, the opposed edges being shaped such 
that an end part of the implant is flared so that a portion of the inq>lant between the flared 
end part and the remainder of the implant is of lesser width than the width of the flare. 
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BRIEF DESCRIPnON OF THE DRAWINGS 

Figure 1 is a lateral view of a portion of a human spinal column having a votdjral 
disk stabilizer constructed in accordance with the teachings of the present invention inserted 
therein and having a portion of die bodies of the vertebrae adjacent the implant shown cut 
5 away and/or in shadow lines to show the engagement of the vertebral bodies by the 
v^tebral disk stabilizer. 

Figure 2 is an enlarged, perspective, partially schematic view of the vertebral disk 
stabiUzer of Fig. 1 in place betwero two adjacoit v^tebral bodies. 

Figure 3 is a per^ecdve view of fte inq)lant of the vertebral disk stabilizer of Figs. 
10 1 and 2 and an applicator to winch the implant is mounted for pladng the hnplant in the 
position shown ui Fig. 1 . 

Figure 4 is a perspective view of a human femir cut in cross-section to show a 
method of febricating the implant of the vertebral disk stabilizer in accordance with the 
method of the present invention is febricated. 
1 5 Figure 5 A is a partially schematic lateral elevational view of a portion of the human 

skeleton comprising the hip joint, the iUum, and a portion of the femur to show a method of 
fahricting the locking piece of the vertebral disk stabilizer in accordance with the method of 
the present inventioa 

Figure 5B is a p^spective view of a portion of tiie iliac crest after cuttii^ along the 

20 shadow lines in Fig, 5 A 

Figures 6A, 6B, and 6C are elevational views of a second embodiment of an 
implant constructed in accordance wth the teachings of the present invention. 

Figure 7 is an elevational view of a iMrd embodiment of an implant constmcted m 
accordance with the teachings of the present invention. 
25 Figure 8 is a perq)ective view of a fourth embodiment of an implant constmcted in 

accordance wth the teachings of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
RefOTing now to the figures, a first ^nbodiment of a disk stabilize constmcted in 
accordance with the teaciiings of the present invention is shown implanted in a human 
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spinal column in Fig. 1. The vertebral didc stabilizer, indicated genetalfy at referraice 
numeral 10, is implanted betwetm the bodies 12 and 14 of two adjacent vertebrae 16 and 
18, respectively, in the disk space (not numbered) from v*ich a portion of the intavertebral 
disk 20 is removed, i.e. by simple diskectomy and small laminotonqr- 

5 Referring now also to Figs. 2 and 3, the preferred embodiment of the votebral disk 

stabilize 10 of the present invention shown is comprised of an dongate implant 22 and 
locking piece 24. In more detail, implant 22 is comprised of first and second sides 32 and 
third and fourth sides 34 providing a substantially rectangulariy shaped cross-section. The 
hdght H of the rectangularly shaped cross-section is defined by first and second sides 32 

10 and fte width W is d^ed 1^ the third and fourth ades 34 and, as is apparent by 
comparison of H and W, the height of H of implant 22 is less than the width W. As will be 
e?q)lained below, H is minimized to fedlitate insertion of the second end 36 into, and 
positioning of implant 22 in, the disk ^ace from which a portion of the intervertebral disk 
20 was ranoved and W is maxinrized to provide the deared staWlization to adjacent 

15 vatdjrae 16 and 18. Thiidandfourtiiades34areardiedfiomone«idofin5)lant 22to 
the other to provide the portion of inplant 22 intamediate the «ids 25 and 36 witii a Mwdth 
W vMdti is larger tiian the width W and W" at the eaids 25 and 36, respectively. By 
comparison of the wdths at the aids and middle portions of implant 22, it can be se«i that 
in the embodiment shown in Fig. 3, the width W at the end 25 of implant 22 is less than the 

20 width W at the end 36 of implant 22. Because the sides 32 of implant 22 are substantiaUy 
flat and the sides 34 are arched from one end 25 to the other end 36, implant 22 is described 
as being a bi-planarv bi-convex implant. 

In the embodiment shown in Figs. 1-3, both the implant 22 and locking piece 24 are 
comiHisedofbonetiiat is harvested and febricated in tixeinannerdesanbed below. Those 

25 skilled in the art who have the benefit of this disclosure will recognize that instant 22 and 
locking piece 24 may also be coirqirised of materials sudi as metal or potymeric mataials 
so long as the material comprising inq)lant 22 and locking piece 24 is Wolc^cally inert 
and/or minimally objectionable to tiie body's normal physiolo^cal processes. Althou^ not 
shown, in one embodiment, the bi-conviex ades 34 of implant 22 are p^o^^ded wifli a 

30 phirality of teefli for biting into the adjacoit vertebrae 16 and 18. So as to provide 
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ad&tional reastance to antedor-postoior (forward or backward) movemait of implant 22 
in the disk space, the teeth located closest to the end 25 of unplant 22 (e.g., the teeth in ihe 
distal portioii of implant 22) may be oriented at a slant toward the end 25 and the teeth 
closest to the end 36 of implant 22 may be oriaited at a slant toward the aid 36. The terth 
5 in the middle portion of implant 22, e.g., between the two sets of slanted teeth, are then 
oriented vertically. It will also be recognized that the sides 34 of implant 22 need not be 
provided with the serrations or teeth to bite into the adjacent vertebrae This biting 
function can also be accomplished by providing the sides 34 with multiple steps formed in 
right angles from the narrowest portions at the ends 25 and 36 to the widest portion in the 
10 approximate middle of implant 22 O-e., from the dimension W to W to W^. Ahematively, 
because in flie preferred embodiment shown the implant 22 is con5)rised of bone (see 
below), the suffices of the sides 34 of implant 22 are scored, grooved, or even just 
"roughened up" either by the person febricating the implant or by the surgeon at the time of 
implantation. LocMng piece 24 can also be provided with teeth, serrations, or otha- 
15 structure to decrease the likelihood of extiiision of locking piece 24 from the disk space. 

Those skilled in the art who have the benefit of tiiis <fisdosure will recognize from 
the preceding paragraph that the sides 34 of implant 22 need not define an arch which is 
symmetrical from the end 25 to the end 36 of implant 22. Regardless, the end 25 of implant 
22 is formed in a blunt, or rounded shape to reduce the likelihood of injury to the nerves of 
20 the spinal cord during insertion into the disk space. 

Li the embodiment shown, locking piece 24 is substantially square when viewed 
from the end 40 along the longitudinal axis 28. The sides oftiie square end 40 of lockii^ 
piece 24 comprise the surfeces 50 for bearii\g against the bodies 12 and 14 of a^acent 
vertdjrael6andl8asalsoexiiainedinmoredetaflbelow. It will be recognized by those 
25 skilled in the art who have Ihe benefit oftiiis disclosure that ti» bearing suifeces 50 need 
not be flat and that the end 40 oflocking piece 24 need not be square. Odjer shapes and 
configurations may be utilized as needed to insure tiiat movanait of locking piece 24 is 
reasted by tiie bodies of the adjacent vertebrae 16 and 18. Best results are obtained, 
however, ^Nbsa at least tiie vertebral bearing surfece is orioited at an an^e of 
30 approximately 90" to tiie implant bearing surfice. The surfeces 42 of tiie locking piece 24 
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are substantially flat for contacting the first and second ades 32 of implant 22 to prevent 
rotation of implant 22 relative to locking piece 24 when locking piece 24 and implant 22 
insated into the (fisk space. 

The purpose of ±e bi-planar, middle expanded, bi-convex implant 22 is to enable 
insertion of the implant 22 into the disk space and turning by approximately 90^ to increase 
the disk height and stabilize the disk space. The purpose of locking piece 24 is to lock 
implant 22 against instability when in the vertical position, e.g., with the sides 32 parallel to 
the axis of the patient's spinal column, so as to maintain the disk height thereafter. 

The sides 32 of implant 22 are provided with a keyway 46. Referring now to 
Fig. 3, an applicator for use in connection with the present invention is shown at 152 , 
and is provided with an end 154 shaped in the form of a pair of prongs 144. The 
prongs 144 are formed in a size and shape substantially complementaiy to the size and 
shape of the keyway 46 of implant 22. Applicator 152 is mounted to implant 22 by 
inserting the prongs 144 into the keyways 46 formed on the sides 32 of implant 22. 
In this manner, the prongs seat the implant 22 on the end 154 of applicator 152 and 
resist relative rotational movement between implant 22 and applicator 152 vAien 
applicator 152 is used to rotate implant 22 m the disk space. 

Although not shown in the figure, those skilled in the art who havejflie4)enefit 
of this disclosure will recognize that the end of the keyways 46 may be Extended along 
the sides 32 of implant 22 further than is necessary to receive the prongs 144 on 
applicator 152 and that the extra length of the keyways 46 may be of gradually 
reducing dimension so that the prongs 144 of applicator 152 are received in a fiiction 
fit in the keyways 46 to help affirmatively mount implant 22 thereto. Other structure 
for achieving this same result includes a detent or serrations formed in the keyways 46. 
The mouth 45 of the keyway 46 on the side 32 of fanplant 22 at tfee first end 36 of the. 
implant is wider than the width of the keyway 46 in the portion of the slot intermediate 
the ends 25 and 36 of implant 22 to facilatate insertion of the prongs 144 of appUcator. 
152 into the keyway 46, The fijnnel-shaped portion 47 of the keyway 46 behind the 
mouth 45, which gradually decreases in width, acts to increase the ease with which 
implant 22 is mounted to applicator 152 by insertion of the prongs 144 into the 
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respective keyways 46 and helps to seat implant 22 thereon. Those skilled in the art 
who have the benefit of this disclosure will recognize that the keyway 46 may be 
located on the applicator 152 and a key 48 may be located on unplant 22 without any 
difference in the maimer in which those component parts fimction to retain implant 22 

5 on the end 1 54 of applicator 1 52. 

When the ^d 154 of applicator 152 is seated all the way into the keyways 46 of 
implant 22, so as to prevent relative rotational movment therebetween, implant 22 is 
inserted into the disk space and rotated therein using applicator 152 as explained below. 
Applicator 152 is ibssa detached from implant 22 amply by wthdrawing the applicator 152 

10 from the disk space, the friction exerted by the adjacent vertebrae prevaiting the 
withdrawal of the implant 22. It will be apparmt to those sldlled m the art who have the 
b^efit of this disdosure that the applicator 152 is of litde assistance in rmovmg the 
implant 22 from the disk space even if the kqways 46 of inq)iant 22 are provided with a 
detent or other structure to engage the prongs 144 of applicator 152 to retain the implant 

15 22 thereon. As noted above, in the preferred anbodimOTt desoibed herein, implant 22 is 
comprised of bone. In alternative embodiments, implant 22 is conq)rised of metal or inert 
polymeric material and, when comprised of such material, the implant may also include a 
bore (not shown) in the end 36 of implant 22 for recei\ang a complementary threaded end 
(not shown) on applicator 152. The advantage to using such materials is that, in the event 

20 the implant 22 needs to be removed from the disk space, an applicator of the type shown in 
Pat^t No. 5,658,336, whidi disclosure is incorporated in its artirety as if fijdly set forth 
herein by this spedfic ref^ence tha'eto, is screwed into the bore to allow the implant 22 to 
be pulled from the disk space. If implant 22 is con^rised of bone as contanplated heran 
and it is necessary to remove the inq)lant 22, the tEoplaxA is aunply drilled out with a 

25 conventional bone drill or burr and the pieces drawn bade out of the disk space with 
forceps or other suitable instrument to be rq)laced ^h another implant as needed. 

The use of the stabilizer 10 of the present invention in; fi>r instance, a method of 
lumbar intervertebral disk stabilization is illustrated m Fig. 1 . Surgery is performed as in a 
simple diskectomy and the intervertebral didc 20 is exposed through a small laminotomy. 

30 The disk material is removed and any nerve root compression is corrected. The posterior 
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longitudmal ligament (not shown) and disk cartilage are removed until the sui6ce of the 
bodies 12 and 14 of adjacent vertebrae 16 and 18^ respectively, are exposed above and 
bdow the disk space. 

U^ang spreaders such as those disclosed in International Application No. 
5 PCT/US95/00347, which reference is hereby incorporated into this specification in its 
entirety by this specific reference tiiereto, the vertebrae 16 and 1 8 are distracted to open the 
disk space, and once the desired "spread" is achieved, the middle portion of the disk space 
is packed with cancellous bone chips. Because the posterior longitudinal ligament is left 
intact to the opposite side and to the c^^ of the disk space, the bone chips are held m 

10 place in the disk space. • - 

An implant 22 having a hdg^ H and width W selected to fit the disk space is then 
mounted to the prongs 144 of applicator 152. The ^propriately-^zed implant 22 is then 
inserted into die disk space using the applicator 152 with the inq)lant 22 oiimted so that the 
top and bottom thereof Le,, the first and second sides 32, engage the bodies 12 and 14 of 

15 adjacent vertebrae 16 and 18, respectivdy. Using the applicator 152, implant 22 is 
positioned in the disk space by anterior-posterior movement to a position in which the 
expanded, middle portion and the smaller width ends 25 and 36 of the third and fourth sides 
34 of implant 22 contact the respective lower and upper surfaces of the bodies 12 and 14 of 
the adjacent vertebrae 16 and 18 when rotated by ^proximately 90° using the applicator 

20 152. The respective lower and upper surfaces of the vertebral bodi^ 12 and 14 are slightly 
concave such that the larger width middle portion W" of implant 22 allows the implant 22 
to engage substantially more of the req)ective surfaces of the vatebral bodies 12 and 14 
than conventional prosthetic devices, therd^y providing increased stability to the fiision 
once fiirther rotation of implant 22 in the didc space is prevented as described below. 

25 Once positioned in the disk space so as to provide maximum stabilization, the^ 

applicator 152 is Ihen detadied fiiom the implant 22 by backing out of the indsaon in the 
pati^ Loddng piece 24 is then inserted through that same incision and pressed or 
impacted into place in the disk space adjacent and lateral to implant 22 with the implant 
bearing surfece 42 of locking piece 24 juxtaposed and/or engaging the surfece 32 of 

30 implant 22. Positioning the locking piece 24 adjacent implant 22 in this maimer resists 
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rdative rotation between in^lant 22 and loddng piece 24. Because the bearing surfaces 50 
of loddi^ piece 24 bear against the bodies 12 and 14 of the adjacent vertdjrae 16 and 18 to 
reast rotation of the loddng piece 24 rdadve to the adjacent vertebrae 16 and 18 agmnst 
vMdb. the bearing surfeces 50 bear, rotation of the inq)lant 22 is also reasted. "Hiose skilled 

5 in the art v^o have the bmdlt of tins disclosure \iwn recognize that the bearings^ 

bear against the cortical aid plate of the respective vertebral bodies 12 and 14, wludi is 
comprised of cortical, non-cancellous bone, and provides a hard, rdativdy smooth surfece 
against which the bearing surfeces 50 bear. The end 40 of locking piece 24, which is also 
preferably comprised of bone, may then be sh^ed to diffa-ent sizes and shapes (other than 

10 the square sh^ed end 40 shown in the figures) so as to aUow the surgeon to sdect an 
appropriately aze and shape that provides a dose fit with the space betweai veitd>ral 
bodies. 

If necessary, a anall amount of a phyaolo^calfy compatible adheave of a type 
known in the art is ^pfied over the cancdlous bone dups just medial to the inq>lant to 

15 dose offtheranainit^ portion oftheopam« into the didc space. The patient should be 
able to ambulate soon aft» tiie procedure because of the stability irr^)arted to the ^Mnal 
cohunn by the implant of tiie preseait invaition. Bdfore narrowing of the disk spasx occurs, 
the cancellous bone chips wiB have started the fusion process. 

The stabilizer 10 is also used to advantage to perform, for instance, a posterior 

20 lateral intertransverse fiisioa The implant 22 is inserted into the region of the didc space 
fiom winch a portion of the disk has been ranoved as described above with the locking 
pece 24 insoted and the postraior lateral fuaon performed. Because the implant 22 
pro>nides stability to the spne until the postraior latwal fusion is solid, tiie patient is 
gaiaalfy able to ambulate socm after suigety. This-procedure also prevents the narrovwng 

25 of the (fisk space, -windi is a common proUem with posterior lateral fiiaoa 

Referring now to Fig. 4, one prefened metfjod for fibricating tiie implant 22 \wll 
nowbedesCTibed. Rg. 4 shows a perq)ective view ofa cross-sectioned portion of the shaft 
of tiie human femur 200. Feanur 200 is conq)rised of hard cortical bone 202 surroundir^ a 
central core of softer, cancdlous bcMie 204. In^lant 22 is felmcated fiom tiie cortical bone 

30 202 of tiie piece of fonur 200 by maldng a first vertical cut along the longitudinal axis of 


WaOl/82844 


12 


PCT/USOl/13824 


the fenur 200 in the area of the cortical bone 202 as diown at referaice numeral 206 and a 
second vertical cut along the lon^dinal axis of the femur 200 in the cortical bone 202, 
doser to the cancellous bone 204 in the carter axis of femur 200 along the line indicated at 
208. The resulting piece of the cortical bone 202 compiiang the fanur 200, identified by 

5 reference numeral 210 in Fig. 4 serves as a "blank" for making the implant 22. Using 
conventional bone saws and sh^g techniques, the blank 210 is shaped to include the bi- 
convex firet and second sides 32, rounded end 36, and so on as described above. Although 
tiie lines 206 and 208 represaiting the first and second vertical cuts are shown substantially 
parallel to eadi other, those skilled in the art who have the benefit of Has disdosure will 

10 recognize that lines 206 and 208 need not be paralld and that there is even certain 
advantages to be gained by not making the cuts paralld as, for instance, when it is desired 
to make an implant that is wedge-sh^ as described bdow. Those sldlled in flie art viho 
have the baiefit of this disdosure wiD also recogmze that thwe are ofber hones in the body 
from vAadti a pece of cortical bone can be harvested that is big enough to serve tiie same 

15 role as the blank 210, the femur 200 bdng desaibed herein merdy for the purpose of 
enabling the preset invention as required by the PatCTt Statute. 

Refening now to Figs. 5A and 5B, Fig. 5 A is a schematic rqjresentation of the 
human iliac 212 and femur 200 in the area of tiie hip. In tiie presentiy preferred 
embodiment described herein, loddng piece 24 is febricated from a portion of the iliac 212. 

20 Implant 22 is febricated fixMn the hard cortical bone 202 of tiie femur 200 to give tiie 
iaiplant 22 the straigth to pioprafy support the load of tiie spinal columa By contrast, 
because it is deared that tiie iliac 212 have ixopolies that botii impart strengtii to locldng 
piece 24 and fedlitate its fiiaon with tiie cancdlous bone diips padced around the implant 
22 in the disk q)ace as wdl as the adjacmt votdwal bodies 16 and 18, the loddng pece 24 

25 is preferably febricated fiom a combinatioa of cortical and canoeflous bone . and that 
combination is found in tiie iliac 212. Spedficalty, a first cut is made that is orthogonal to 
die long aMs of tiie iliac (tiie latter being represented by tiie shadow line 216 in Fig. 5A) in 
tiie so-called "wing" of tiie iliac 212 as shown at line 214. A second orthograial cut 218, 
substantially paralld to tiie first cut 214. is tiien made aaoss tiie wing of tiie iliac 212 to 

30 produce a piece ofbone 220 tiiat is in efifect a cross-sectional piece of tiie iliac. The piece 
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of bone 220 is then squared up at one end by cutting along the line 222. Because the cuts 
214, 218, and 222 can be made in any order such that the piece of bone 220 may not be 
r^oved from the 3iac 212 vAim cut 222 is made, cut 222 is described h^dn as bdng 
substantially parallel to the long axis 216 of the iliac 212. 
5 The piece ofbone 220 is shown rmoved from the iliac 212 and in perspective vi 

in Rg. 5B. When viewed in this manner, it will be apparent that the piece 220 of bone 
harvested from the iliac 212 in the above-described manner is comprised of both hard 
cortical bone as shown at reference numeral 224 and softer cancellous bone as shown at 
226. To make two of the locking pieces 24 of the present invention, a cut 228 is made 

10 through the piece of bone 220. Again, it will be recognized by those skilled in the art that 
the cut 228 can be made in any order rdative to the cuts 214, 218, and 222 such that the 
cut 228 can be described as bdng substantially parallel to the cuts 214 and 218 and 
orthagonal to the longHudinal axis 216 of the iliac 212. The cortical bone 224 forms a 
relatively thin outer layer around the two sides and one ^d of eadi of the stabilize 230A 

15 and 230B that are &bricated from piece 220, such that the stabilizer of the present 
invoition is referred to as bdng 'iri-cortical," and vs^ form the implant bearing sur&ce SO 
and &yi 40 of stabilizar 24 as ^own in Figs. 1-3. The central core of cancdlous bone 226 
promotes the fiision of the locking piece 24 in the disk space as described above, but is not 
a necessary element of the invention, it bdng apparent from this disclosure that a locking 

20 piece can be fabricated entirely from cortical bone or cancdlous bone, the tri-cortical 
loddng piece described herein being only a preferred embodiment of the locking piece. 
Those skilled in the art who have the benefit of this disclosure will also recogmze that there 
are other bones in the body from which a piece of cortical bone can be harvested that is big 
enou^ to serve the same role as the piece 220, the iliac 212 bdng described h^dn as the 

25 source of the piece 220 for the purpose of enabling the present invention as required by Ifae 
Patent Statute. 

In the embodiments described ha-dn, the implant 22 and loddng piece 24 are 
fabricated to certain preferred dimensions^ but those skilled in the art wi& recognize that it is 
desirable to &bricate them in several dim^ons so as to fidlitate a dose fit in the disk 
30 space. For instance, a presently preferred size for implant 22 is for implant 22 to have a 
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hdght H of approxiraately 5 mm, a width W of about 10 mm at the ends 25, 36 increasing 
to a maximum of about 15 mm, and a length (along the longitudinal axis of implant 22) of 
about 27 mm. A locking piece 24 intended for use with an implant of this 15X5X27 size 
is about 10 mm X 10 mm X 27 mm. Other implant, and corresponding locking piece, azes 
5 are also contemplated, it being understood that because th^ are comprised of bone in this 
preferred embodiment, the bone can be harvested in the desired shape and size from several 
locations of the skeleton. 

Referring now to Fig. 6A, another embodiment of an implant constructed in 
accordance with the present invmtion is shown. Specifically, the implant 322A is 

10 substantially rectangulariy shq>ed in cross-section and, Uke implanf 22 in Figs. 1 - 3, is 
comprised of first and second sides 332 defining the hdgjit H and third and fourth sides 334 
defining width W, the hd^ dimension H bring greato- than the width dima^ Third 
and fourth ades 334 are arched fi-om one aid of implant 322 to the other to provide the 
portion of implant 322 intermediate the ends 325 and 336 with a width W that is larga- than 

15 the width Wand Wat the ends 325 and 336, except that the end 325 is flared as at 360 to 
provide the implant 322A with a wadth W at the end 325 that is approximately equal to the 
width of implant 322A at the maximum width W. The two sides 34 therefore comprise 
two opposed edges, each of arched form, the opposed edges being sh^)ed such that the 
end 325 is flared so that a portion of the implant 322A between the flared end part 360 and 

20 the remainder of the implant is of lesser width than the width W of the flare 360 in the end 
325 of implant 322A This portion of lesser width of implant 322A forms upwardly and 
downwardly opening recesses 362 and is preferably formed as a smoothly curved recess to 
interact with and provide stability for the adjacrat votdjrae, the articulating surfeces of 
vMch are concave in shape. As noted above in connection with the description of the 

25 embodiment shown in Figs. 1-3, fanplants constructed in accordance with the teadiings of 
the present invention may be provided with means for redsting anterior-posterior 
movement of the implant in the disk space. In the embodiment shown in Fig, 6, implant 
322 is provided with a plurality of teeth 338 for this purpose. As also noted above, the 
teeth near the ends of the implant may be slanted toward the ends of the implant so as to 

30 provide better contact with the adjacent vertebrae, but in the case of the implant 322 shown 
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in Fig. 6, it has been found that better contact is obtained by slanting the teeth in the flared 
porticHi 360 away &om the end 325. 

As shown in Hgs. 6B and 6C. the width W of the ends 325 of implants 322B and 
322C is progresMvdy greater than the width of inq)lants 322B and 322C at the 
approximate midpoint along the longitudinal axes of implants 322B and 322C shown as the 
maximim width W. Stated anotiier way, the difference in the widths W and W of implants 
322B and 322C is defined by the angle a formed by extending lines from the midpoint of 
the implant 322B and 322C representing width W to the tip of the flare 360 at the end 325 
of each respective implant representing width W. It is envisioned that several implants 322 
would be provided with diffeiott ai^es a to accommodate sped&c patiait needs; for 
instance, in one patient, the curvature of the spine, or lordosis, may require that an implant 
having an angle a that provides a width W that is 5 mm larger than the width W be utilized 
between two vatArae and that a second implant having an ai^e a that provides a width 
W that is 10 mm larger than the width W may be needed between the next two vertebrae 
to maintain the proper lordoas of the spine. Of course the angle a can be any angle, but it 
is generafly preferred that an angle a of between 0° (those skilled in the art will recognize 
that the angle a of the embodiment shown in Hg. 6A is 0°) and 30° will provide a suffident 
range of width W dimensions to accommodate most patient needs. 

Figure 7 shows an akematiw oribodimait of the inqjlant 322 ^own in Hg. 6 
wherein the sides 332 of the implant 322 are provided with keyways 46 having a fimnd- 
shaped mouth 47 for receiving the prongs 144 of appUcator 152 as described above. In 
Fig. 7, the implant 322 is provided with an angle a of 0° such that the dimensions W and 
W are approximaiely equal, but those skiUed in the art wiB recognize that the implant 
shown in Fig 7 could have been formed with a flared end such that the angle a could have 
beoi any an^e fiiom about 0° to about 30°. 

If the alternative anbodiment shown in Fig. 8, is utilized, the surgeon need not 
select an implant having a desired angle a. Instead, the implant 422 shown in Fig. 8 is 
provided with a pair of blocks 464 movable relative to the inq)lant in a direction having a 
component that is perpendicular to the longitudinal axis of implant 422 for changing the 
width W of the flare 460 at the end 425 of implant 422. Blocks 464 are threadabfy 
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engaged to a spindle 466 that is joumaled in implant 422 and means is provided, in the form 
of the wheel 468 integral with spindle 466, for rotating the spindle 466 to spread the blocks 
464 apart, or to move tiie bloclsis 464 dos^ to the mid-line, or longitudinal axis, of implant 
422. A track 470 is formed in implant 422, and the surfece of the blodcs 464 adjacent the 
5 track 470 is formed in a complementary shape (not shown) for engaging the track 470 to 
define the direction of in which the blocks 464 slide along track 470 relative to implant 422. 
Those skilled in the art who have the benefit of this disclosure will recognize that the 
direction of movement of blocks 464 relative to implant 422 need not be perpendicular to 
the longitudinal axis of implant 422 and that it may even be advantageous to move blocks 
10 464 in a direction defined by an angle that is not a 90"" ang^e relative to the longitudinal axis 
of inq)lant 422. For this reason, the movement of the blocks 464 is desoibed herein as 
bdng in a direction ""having a com|)onCTt that is perpendiculaf' to the longitudinal a^ds of 
implant 422 rather than in a direction tMt is papandicular to the longitudinal axis of 
implant 422. 

1 5 Although described in terms of the prefored embodiment shown in the figures, this 

embodiment is shown to exemplify the present invmtion, it being recognized by those 
skilled in the art that certain changes can be made to the specific structure of the preferred 
embodiment shown and described without departing fi-om the spirit of the present 
inventioa In the case of one such change, the first and second ades of tiie implant are 

20 substantially flat but not parallel along their longitudinal axes so that the implant is wedge- 
shaped. The wedge shape of the implant facilitates insertion of the implant into the disk 
space, the rounded end of the implant reducing the likdihood of injury to the nerves of the 
spinal cord during insation into the disk space. Likewise, the width at one end of the 
inq)lant can be less than the width at the end, both widths, however, being less than the 

25 width in the middle, e^qpanded portion of the implant. All such modifications^ and other 
modifications wUdi do not depart fi'om the spirit of tbe preset invention, are int^ed to 
M within the scope of the follovong claims. 
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WHAT IS CLAIMED IS: 

1 . Apparatus for fiiaon of adjacent vertebrae compiising: 

an elongate implant having a minimal heigjit defined by first and second 
sides and a maximal width defined by third and fourth sides, the third and fourth 
sides being arched fi-om one end of said implant to the other, and 

a locking piece compriang (a) an implant bearing sur&ce for eng£^g 
dth^ the third or fourth sides of said implant to reast rotation of said implant 
rdative to said locking piece after said implant is ins«ted mto the disk space 
betwem two adjaomt vertd}rae with the first and second ades of said implant 
contacting the bodies of tiie ac^acent vertdwrae and then rotated so that tiie third 
and fourth sides of said implant contact the adjac^it vertebrae when said locking 
piece is positioned in the disk space, and (b) a vertebral body bearing surface fi^r 
enga^g the body of the adjacent vatebrae wten said locking piece is positioned in 
the disk space to resist rotation of said locking piece in the disk space. 

2. The apparatus of claim 1 wherein said implant is provided with a keyway 
for receiving the prongs of an applicator for inserting said implant into the disk space and 
rotating said implant in the disk space. 

3. The apparatus of daim 1 wherein the keyway is provided with a fimnel- 
shaped portion, the width of the fimnel-shaped portion decreasing to the width of said 
keyway. 

4. The apparatus of daim 2 additionally comprising an sq^yplicator comprised 
of an dongate handle and a head, said head having a pair of prongs formed thereon sh^>ed 
to fit into and ^igage the fimnd-sh^jed portions of said keyways. 

5. The apparatus of claim I wherein said implant and said locking piece, or 
said implant or said locking piece, are comprised of bone. 

6. The apparatus of claim 1 wherein said locking piece is conqjrised of a 
central core of cancellous bone having a layer of cortical bone surrounding at least a 
portion of the central core. 

7. * The apparatus of clsum 1 wherein at least two sides of said locking 
piece are substantially parallel. 
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8. The apparatus of claim 7 wherein said locldng piece is comprised of a 
central core of cancellous bone surrounded by a layer of cortical bone on three ades. 

9. The apparatus of claim 1 wherein said implant is comprised of cortical 

bone. 

10. The apparatus of clmm 1 wherein one end of said implant is flared so 
that the first and second sides of said implant extend to a height equal to or greater 
than the maxunal height of said implant. 

1 1 . Apparatus for use in fiiang adjacmt vatd)rae conq)rising: 

an elongate implant having a hdght defined by first and second sides and a 
width defined by third and fourth sides, the height of said implant being greater than 
the width of said implant, the third and fourth ades bdng ardied fi-om one end of 
said implant to the oth^, said implant having one end flared fi^r maximizing the 
width of said implant at said flared rad; 

a locking piece comprising an implant bearing surfece for engaging the third or 
fourth sides of said implant to resist rotation of said in^lant about the longitudinal axis 
thereof after said implant is inserted into the space between two adjacent vertebrae and then 
rotated so that the third and fourth sides of said implant contact the adjacent vertebrae and 
said lodking piece is positioned in the disk space vwth the implant bearing sur&ce enga^g 
the third or fourth ades of said implant and a vertebral body bearing surface for engaging 
the body of the adjacent v«tebrae when said loddng piece engages said inq>lant to reast 
rotation of the loddng piece in the disk ^ace. 

12. The apparatus of claim 11 wherein the flared ^d of said implant is 
comprised of one or more blocks movable relative to said implant in a direction having a 
component substantially p^endicular to the longitudinal axis of said implant for chai^ng 
the width of the flared end of said implant. 

13. The apparatus of claim 12 wherein said blodcs are threadably engaged to a 
spindle joumaled in said implant and means is provided for rotating said spindle. 

14 . The apparatus of claim 1 1 wherdn the first and second sides of said inq)lant 
are provided with means at the flared end for resisting movement of said implant relative to 
the adjacent vertebrae in a direction along the longitudinal axis of said implant 
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15. The apparatus of claim 1 wherein the vertebral body bearing surface of 
said locking piece is oriented at approximately 90° to the implant bearing surface. 

16. An apparatus for use m fusing adjacent vertebrae, the apparatus 
comprising an elongate implant with two opposed substantially planar faces, and with 
two opposed edges each being arched from one end of the implant to the other and a 
locking piece dimensioned to be located adjacent a single one of said planar feces and 
to prevent rotation of the implant and the locking piece are inserted into a space 
between two vertebrae. 

17. An apparatus accordmg to claim 16 wherdn the opposed feces are 
substantially parallel. 

18. An apparatus according to claim 16 wherein the opposed faces are 
inclined so that the element is of tapering form. 

19. An apparatus according to any one of claims 16-18 wherein the dement 
is of symmetric form, having relatively narrow ends, and a relativdy wide central 
portion defined by the arched opposed edges. 

20. An apparatus according to any one of claims 15-19 wherein the 
opposed arched edges are toothed, scored, grooved or otherwise roughened. 

21. An apparatus according to any one of claims 15-20 wherein the locking 
piece is an elongate piece of substantially square or rectangular section. 

22. An ^paratus according to any one of claims 15-22 wherein the locking 
piece has teeth, serrations, grooves or other roughening on surfeces thereof 

23 . An ^paratus according to any one of claims 15-22 wherein at least one 
of the implant and the locking piece are made of bone. 

24. An apparatus accordmg to claim 23 wherein the lockmg piece is 
comprised of a central core of cancellous bone having a layer of cortical bone 
surrounding at least a portion of the central core. 

25. An apparatus according to claim 24 wherein the locking piece is of 
substantially square or rectangular cross section, and the cancellous bone central core 
is surrounded by a layer of cortical bone on three sides of said cross section. 
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26. An apparatus according to any one of claims 23-25 wherein the implant 
is formed of cortical bone. 

27. An apparatus according to any one of claims 16-26 wherein the implant 
is provided with keyways to receive the prongs of an applicator. 

28. An apparatus according to claim 27 wherein the keyways are formed in 
the planar faces and extend axially of the implant. 

29. An apparatus according to claim 27 or 28 wherein each keyway is 
provided with a funnel shaped terminal portion, the funnel shaped portion converging 
to a width approximately equal to the width of the main part of the keyway. 

30. An apparatus according to any one of claims 27-29 further comprising 
an applicator having prongs adapted to co-operate with said keyways. 

31. A method of making an apparatus according to any one of claims 16-30 
comprising the steps of forming a '1)lank" from cortical bone of the femur between two 
axial substantially parallel cuts, and forming the insert from the blank. 

32. A method of making an apparatus according to any one of claims 16-30 
wherein the locking piece is made by cutting the locking piece from the iliac area of the 
hip. 

33. An apparatus for use m fusing adjacent vertebrae, the apparatus 
comprising an elongate implant to be located between adjacent vertebrae, the implant 
being of elongate form and having two opposed edges, each of arched form, the 
opposed edges being such that an end part of the implant is flare dso that a portion of 
the implant between the flared end part and the remainder of the implant is of lesser 
width that the width of the flare. 

34. An apparatus according to claim 33 wherein the arched edges and flare 
form an upwardly open recess in the top part of the implant and a downwardly open 
recess in the bottom part of the implant, the recesses being smoothly curved recesses. 

35. An apparatus according to claim 34 wherein the recesses are 
substantially symmetrical about a horizontal plane dividing the upper and lower parts 
of the in^)lant. 
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36. An apparatus according to any one of claims 33-35 wherein the flared 
end part of the implant is constituted by at least one block which is novably mounted 
on the rest of the implant for changing the width of the implant at the flared end part 
thereof. 

37. In apparatus according to claim 36 wherein there are two said blocks, 
each slidably mounted to the rest of the implant. 

38. An apparatus according to claim 36 wherein there are two said blocks, 
each slidably mounted to the rest of the implant. 

39. An apparatus according to claun 35 or 37 wherein the or each block is 
threadedly engaged wth a rotatable spindle, the spindle being mounted on the rest of 
the implant, means bdng provided to rotate the spindle. 

40. An apparatus according to claim 39 wherein the implant has two 
opposed substantially planar faces. 

41. An apparatus according to claim 39 wherein the keyways are formed in 
the planar faces and extend axially of the implant. 

42. An apparatus according to claim 40 or 41 wherein each keyway is 
provided with a fonnel shaped terminal portion, the fonnel shaped portion converging 
to a width approximately equal to the width of the main part of the keyway. 

43. An apparatus according to any one of claims 40-42 further comprising 
an applicator having prongs adapted to co-operate with said keyways. 
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(57) Abstract: A middle expanded, removable disk implant 
for stabilizing adjacent vertebrae. The implant is substantially 
lectangular in cross-sectional shape with a minimal height 
and a width greater than the height. The implant is detachably 
mounted to an applicator for insertion into the space between 
two adjacent vertebrae from which a portion of the intervertebral 
disk has been removed. Once inserted, the implant is positioned 
by anterior-posterior movement in the disk space to the position 
in which both the expanded, larger width middle portion and 
the smaller end portions engage the bodies of the adjacent 
vertebrae and the implant is then rotated to bring the sides 
of the redangulariy-shapcd implant defining the width of 
the implant, with its larger dimension, into engagement with 
the bodies of the vertebrae. A locking piece is then inserted 
into the disk space adjacent the rotated implant The locking 
piece includes a surface for bearing against the bodies of the 
adjacent vertebrae to resist rotation of the locking piece along 
the longitudinal axis thereof and an implant bearing surface 
for engaging one of the sides of the implant defining the width 
of the implant to resist rotation of the implant relative to the 
locking piece. Both implant and locking piece are comprised 
of bone, the locking piece being preferably comprised of both 
cortical and cancellous bone, or die implant is comprised of 
metal, bio-compatible polymer, or other suitable material. The 
implant may also include a flared end for maintaining proper 
spinal curvature of the patient 
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